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The  requirements  established  during  Phase  I  for  a  heavy-duty  xiltrasonie 
welding  system  am^being  analyzed,  and  associated  development  problems  are 
being  resolved,  ^li^-power  ceramic -transducer  assemblies,  power-force 
programming  elements,  and  std-tching  devices  for  a  motor-alternator  power 
source  are  being  assembled  and  esqjerimentally  evaluated.  Current  infor¬ 
mation  on  refractory  metal  developments  affecting  the  ultrasonic  welda¬ 
bility  of  such  material,  as  well  as  data  on  candidate  welding-tip  ma¬ 
terials,  is  being  accumulated  and  studied. 

j;^e  and  othe^^sources,  is 
aM  tungsten,  Conposition 


and  physical  properties  are  summarized  for  five  candid&te  welding  tip  ma-  . 
teiials:  Astroloy,  Udimet  700,  Udimet  500,  NIMONIC  11$,  and  Nicrotune,  J 
These  materials,  except  for  Nicrotung,  are  all  nickel  alloys  of  simll  ar  J' 
composition,  ^ 


The  design  of  a  tension-shell  transducer  unit  with  increased  povrer- 
handling  capacity  was  evolved,  and  an  acoustic  absorber  for  measuring  the 
transducer  conversion  efficiency  calorimetrically  was  assenbled  and  utilized. 


An  alurainura-bronze  coupler  element  was  fabricated,  installed  in  a  2-kilowatt 
ultrasonic  welder,  and  successfully  operated  to  the  limited  power  capacity 
of  this  welder. 


A  portion  of  the  time-base  circuitry  for  tte  power-force  programming  systm 
was  evaluated.  The  results  met  the  tentative  design  requirements  of  a 
0.002-second  maxiimmi  time  delay. 

The  performance  of  a  7.$-kilowatt  motor- alternator  and  the  stability  of  the 
critical  frequency-controlling  elements  demonstrated  the  practicality  of 
powering  ultrasonic  spot-welding  equipment  with  such  a  rotating  machine  power 
source.  Solid-state  switching  devices  with  a  response  time  of  8  to  12  micro¬ 
seconds  will  probably  be  used  if  the  projected  2$-kilowatt  ultrasonic  welding 
machine  is  powered  by  a  motor  alternator. 

Design  of  tte  piimaty  welding  machine  structure  was  initiated. 
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PORSTOKD 


This  Interim  Technical  Progress  Eeport  covers  the  work  performed 
mder  Contract  IF  33(600)-li3026  from  February  1  throng  April  30,  1962,  It 
is  published  for  technical  information  onlj  and  does  not  necessarily  repre¬ 
sent  the  recoraaendations,  conclusions,  or  approval  of  the  Air  Force. 

This  contract  with  Aeroprojects  Incorporated  of  West  Chester, 
Pennsylvania,  was  initiated  under  ASD  Manufacturing  Technology  Project 
7-888,  "Development  of  Ultrasonic  Welding  Equipment  for  Refractory  Metals"* 
It  was  administered  under  the  direction  of  Fred  Miller  of  the  Fabrication 
Branch  (ISRCTF),  Manufacturing  Technology  Laboratory,  AFSC  Aeronautical 
Systems  Division,  Wrigbt-Patterson  Air  Force  Base,  Ohio. 

This  project  is  under  the  direction  of  J,  Byron  Jones,  with 
Nicholas  Marcpis  serving  as  Project  Engineer,  Others  associated  with 
this  program  are  Carmine  F.  DePrisco,  Chief  Electronics  Engineer;  John  G, 
Thomas,  Metallurgist;  Janet  Devine,  Physicist;  Jozef  Koziarski,  Ultrasonic 
Welding  Laboratory  Director;  W,  C,  Elmore,  Consultant;  and  Roberta  McCutchen, 
Senior  Technical  Writer,  This  document  has  been  given  the  Aeroprojects  in¬ 
ternal  report  number  of  HR-62-30,  This  is  an  interim  report;  the  informa¬ 
tion  reported  herein  is  preliminary  and  subject  to  further  analysis  and 
modification  as  the  work  progresses. 


The  methods  used  to  demonstrate  a  process  or  technique  on  a 
laboratory  scale  are  inadequate  for  use  in  production  operations.  The 
objective  of  the  Air  Force  Manufacturing  Methods  Program  is  to  develop 
on  a  timely  basis,  manufacturing  process,  techniques  and  equipment  for 
use  in  economical  production  of  USAF  materials  and  exponents.  This 
program  encoitpasses  the  following  technical  areas: 


Rolled  Sheet 

Forgings 

Extrusions 

Castings 

Fiber 

Fuels  and  Lubricants 
Ceramics  and  Gr^hites 
Nomnetallie  Structural  Materials 


Powder 

Component  Fabrication 

Joining 

Formiag 

Material  Removal 
Solid  State  Devices 
Passive  Devices 
Thenaioiaic  Devices 
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Tour  ooraments  are  solieited  on  the  potential  utilization  of  the 
information  contained  herein  as  ^pHed  to  your  present  or  future  produc¬ 
tion  programs.  Suggestions  concerning  additional  Maaufacturiag  Methods  de¬ 
velopment  required  on  this  or  other  st&jects  will  be  appreciated.  Direct 
any  reply  concerning  the  above  matter  to  the  attention  of  Mr,  W.  ¥.  Dismuke, 
ASRKRA. 


PUBLICATION  RE?I1¥ 
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DEm-OPMEOT 

OF 

ULTRASONIC  WELDING  EQUIPMENT 

FCH 

REFRACTORY  METALS 
Phase  II 

INTRODUCTION 


Since  ultrasonic  welding  was  first  demonstrated  as  a  practical 
method  for  joining  thin  gages  of  alnwinura  and  other  common  metals  and 
alloys,  the  equipment  capabiUtj  has  been  contiimonsly  extended  to  joining 
materials  of  increasing  thickness  as  well  as  newer  metals  and  allc^  that 
are  diffiotfLt  or  impossible  to  weld  by  other  techniques.  The  aerospace 
need  for  hi^-tenperatnre,  corrosion-resistant,  refractoiy  metals  and 
alloys  has  increased  the  need  for  ultrasonic  welding  machines  of  greater 
c^ability  than  are  now  available. 

The  objective  of  this  program  is  to  design,  assemble,  and  eval¬ 
uate  heavy-duty  ultrasonic  spot-  and  seam-welding  equipment  for  joining 
refrMtory  materials  and  superaUoys  in  thicknesses  up  to  0,10  inch  and 
to  develop  necessary  techniques  for  producing  reliable  welds  in  these  ma¬ 
terials,  The  acconplishment  of  this  objective  is  divided  into  three  phases: 
Phase  I  is  concerned  with  establishing  feasibility,  defining  problem  areas, 
and  delineating  ^propriate  solutions  thereto;  Phase  II  eAraces  the  de¬ 
velopment  of  the  required  equipment  and  techniques;  and,  under  Phase  III, 
the  performance  characteristics  of  the  ultrasonic  welding  equipment  will 
be  demonstrated. 

Under  Phase  I,  completed  prior  to  the  current  reportii^  period 
(l),  the  feasibility  of  producing  ultrasonic  welds  in  both  monoD^talUc 
and  bimetallic  combinations  of  Gb(D-31),  Mo-0, ?Ti,  Inconel  X-750,  PHl^-TMb 
stainless  steel,  Ren^  Ip.,  and  tungsten  was  demonstrated*  By  extrapolating 
the  weldable  gage  capability  of  U-kilowatt  and  8-kilowatt  ultrasonic  spot- 
type  welders,  and  utilizing  a  previously  developed  first-^proximtion 
criterion  for  the  energy  required  to  weld  materials  of  various  hardnesses 
and  thicknesses,  the  electrical  power  ii^ut  to  the  transducer  necessary 
to  join  the  above  materials  in  gages  tp  to  0,10  inch  was  estimated  as  ap¬ 
proximately  25  kilowatts  (2), 
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Also  TUKier  Phase  I,  the  problems  iinrolTed  in  the  prodactioii  of 
hea¥y-dnty  nltrasonic  welding  equipment  were  delineated,  a  systematic  ap¬ 
proach  to  solving  problems  was  outlined,  and  design  parameters  for  the 
requisite  hearvy-daty  spot-welding  equipment  were  defined.  The  basic  con¬ 
cepts  involved  in  such  machines  were  investigated.  Spot-type  welders  for 
hi^-power  operation  were  studied  in  considerable  detail}  both  theoretical 
and  experimental  information  were  evolved  to  provide  preliminary  design 
requirements  far  this  type  of  machine, 

A  survey  of  the  “state  of  the  technology"  of  transducer  materials 
and  coupler  materials,  supplemented  by  laboratory  investigations,  indi cated 
that  the  transducer-coupHng  system  for  the  heavy-duty  equipment  should 
utilize  lead-zirconate-titanate  ceramic  transducers  and  iluminum-bronze  or 
beryllium-copper  cotpling  members.  The  requisite  vibratory  power  can  be 
delivered  to  the  weld  zone  by  means  of  an  opposition-drive  transducer¬ 
coupling  system.  Astroloy,  a  nickel-base  alloy  made  by  General  Electric 
Company,  was  tentatively  selected  to  meet  the  welding  tip  material  require¬ 
ments. 


The  transducer-coupling  systems  will  be  driven  by  either  a  motor 
alternator  or  an  electronic  generator  providing  about  2$  kilowatts  of  elec¬ 
trical  power.  If  the  motor  alternator  is  selected,  solid-state  elements 
may  be  used  to  meet  the  switching  requirements. 

The  work  initiated  under  Phase  II  has  the  following  ob;jectives: 

1,  Develop  the  necessary  methods,  techniques  and  equipment  to 
ultrasonic ally  Join  the  selected  materials. 

2,  Design  and  construct  ultrasonic  Joining  unit(s)  in  accordance 
with  the  approach  outlined  in  Phase  I, 

3,  Develop  methods  and  techniques  to  demonstrate  the  capability 
of  the  equipment  developed  under  Phase  II  to  Join  the  selected 
materials . 

This  report  describes  the  work  accomplished  during  the  first  three 
months  of  this  phase  —  February  through  April  1962,  Emphasis  was  placed  on: 
investigations  related  to  the  properties  of  the  weldment  materials,  as  well 
as  further  consideration  of  welding  machine  tip  materials:  the  development 
of  the  primary  equipment  elements  required  in  the  25-kilowatt  ultrasonic 
spot-type  welding  equipment.  The  third  item  above,  equipment  capability 
studies,  will  be  initiated  when  the  equipment  has  been  assembled. 
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I.  MATERIAL  IMVESYIGATIOaS 


"THE  OBJECT  OF  PHASE  II  IS  TO  DEVELOP  IHE  NEGESSARI 
METHODS,  TECHNIQUES,  AND  EQUIPIffiHT  TO  ULTRASONIGALLT 
JOIN  IHE  SELECTED  MATERIALS." 


While  Phase  II  priraarlly  involves  equipment  development,  the 
projected  2^-kilowatt  ultrasonic  welding  machine  will  be  evaluated  by 
welding  the  refractory  metals,  PHl5-7Mo  stainless  steel,*  Cb(D~31)» 
Mb-0,5Ti,  Ren4  I|l,  and  tungstoa,  in  thicknesses  tqp  to  0,10  inch.  Since 
the  characteristics  of  these  refractory  metals  change  as  their  quality 
is  inproved,  the  weldability  of  the  material  is  affected.  Accordingly, 
the  ourrent  literature  on  refractory  metal  developments  is  being  reviewed, 
and  liaison  is  being  maintained  with  both  the  Defense  Metals  Information 
Center  (DMIG),  Coluinbus,  Ohio,  and  the  laanuf acturers  of  these  materials 
to  keep  abreast  of  material  changes.  That  continuous  progress  is  being 
made  is  evident  fran  the  information  published  in  the  weekly  issues  of 
Dice’s  "Review  of  Recent  Developments," 

If  this  ultrasonic  welding  urit  is  to  operate  with  maximam 
effectiveness,  sonotrode  tips  for  the  final  welding  machine  must  be  tou^, 
resistant  to  wear,  and  retain  satisfactory  physical  properties  at  elevated 
tenperatures.  Accordingly,  information  on  candidate  tip  materials  is 
being  acquired  and  reviewed. 


WEIDMENT  I4ATERIAI^ 

A  visit  to  DMIC  on  March  7-8  (3)  and  attendance  at  the  1962 
Refractory  Metals  Synposium  on  April  12-13  (ii.)  provided  sources  of  infor¬ 
mation  and  data  on  the  six  prescribed  matertals  which  are  being  used  in 
estimating  the  response  of  the  materials  to  ultrasonic  welding  and  in  pro¬ 
viding  the  backgrotmd  for  interpreting  welding  results. 

The  alloys.  Inconel- 7^0,  Rene  lil  (l5),  and  PHl9-7Mo,  are  now 
relatively  accepted  structural  materials,  and  methods  for  their  fabrica¬ 
tion  have  been  standardized  to  insure  a  uniform  product.  Forraability 
and  lasthods  of  joining  have  been  studied.  For  exauple,  solution-annealed 
Ren4  llL  is  susceptible  to  grain-boundary  carbide  precipitation  in  the  range 
of  lliOO  to  l^OO'^,  The  embrittling  effect  of  the  precipitation  precludes 
fabricating  in  this  teiqjerature  region,  (9)  Brazing  at  these  temperatures, 
or  fusion  welding  where  a  heat-affected  zone  is  produced,  results  in  simi¬ 
lar  embrittlement.  Ultrasonic  welding  should  produce  no  such  effect.  (6) 


*  Substituted  for  AM-3^5  stainless  steel  in  Phase  I  studies. 
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Tungsten,  Gb(D-31).  and  Mo-0.5Ti  are  the  continuing  subject  of 
extensive  investigation  (T-ln).  Since  fabricability  procedures  are  con¬ 
stantly  being  modified,  a  ’’standard"  commercial  product  has  not  yet  evolved. 
Tungsten,  Mo-0, 5Ti,  and  Cb(D-31)  stiffer  recrystallization  embrittlement  and 
must  be  worked  below  recrystallization  tenperatures.  The  resulting  grain 
structure  of  the  rolled  sheet  is  fibrous  and  the  properties  are  sensitive 
to  the  rolling  direction  unless  cross-rolling  is  utilized  (3).  The  ductile- 
brittle  behavior  of  the  body-centered-cubic  lattice,  as  well  as  embrittle¬ 
ment  sensitivity  from  small  interstitial  contaminant  levels,  contribute  to 
difficulties  in  achieving  sound  joints  by  conventional  welding  methods* 
Current  research  is  providing  information  which  is  being  used  to  iijprove 
fabrication  techniques  and  to  produce  alloys  of  s\5)erior  coitpositions. 

For  exan5)le,  tungsten  alloyed  with  rhenium  has  increased  ductility,  tensile 
strength,  and  ojddation  resistance  (5,  12).  Ductility  of  unalloyed  tungsten 
wire  has  been  improved  by  electroetching  the  surface  of  the  wire  (13). 

Boeing  has  reported  improving  the  ductility  of  Mo-O.^Ti  below  1000<^  for 
forming  purposes,  Battelle  indicates  that  heating  Mo-0.5Ti  sheet  in  the 
range  of  300  to  500°F  permits  use  of  almost  "zero"  bend  radius.  Oxygen  and 
hydrogen  should  be  below  20  ppm  for  good  ductility  (9).  According  to  the 
producer  (7),  the  erratic  behavior  of  the  Cb(D-31)  iloy  can  !:«  attributed 
to  the  unstable  cold-rolled  and  stress-relieved  condition.  Improvement  is 
expected  after  new  equipment  to  permit  hot  reduction  becomes  available. 

Quantities  of  the  candidate  weldment  materials  have  been  ordered 
to  supplement  existing  stocks  on  hand  and  to  provide  sufficient  material 
for  the  welding  studies. 


TIP  MATERIALS 


The  welding  studies  carried  out  during  Phase  I  of  this  program 
indicated  that  welding  tips  of  AstroloyK-  are  probably  capable  of  adequate 
performance  with  the  weldment  materials^  erf  interest,  Astroloy  is  an  ex¬ 
perimental  alloy;  its  mechanical  properties  and  metallurgical  processing 
are  not  well  established  and  vary  from  one  lot  to  another,  Investigaticm 
of  welding  tips  fabricated  firom  this  material  in  cast  and  wrought  form, 
initiated  during  Phase  I  (16),  has  been  continued. 

Although  a  number  of  sound  tips  were  laachlned  from  the  vacuuav- 
melted  and  cast  stock,  some  of  the  tips  failed  prematurely.  Radiographic 
examination  of  a  cast  bar  revealed  centerline  shrinkage  cavities  (Figure  1), 
and  metallographic  inspection  indicated  that  the  poor  performance  of  the 
tips  probably  resulted  from  macrocracks  in  the  damaged  tip  contact  area, 
which  followed  these  shrinkage  cavities  (Figure  2A),  Closer  examination 
also  disclosed  a  system  of  transdendritic  microcracks  (Figure  2B),  llthou^ 
it  is  difficult  to  determine  the  origin  of  these  microcracks,  they  may  be 
extensions  of  the  macrocracks.  In  addition,  prematurely  failed  tips  fab¬ 
ricated  from  the  wrought  material  displayed  intergranular  cracks  (l6). 


#  Product  of  General  Electric  CoBpaiQr. 
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Discussions  were  held  with  a  representatire  (17)  of  the  General 
Electric  Conpany  (Jet  Propulsion  Di-vision,  Bvendale,  Ohio),  who  stated  that 
General  Electric  is  not  presently  worldj^  with  Astroloy,  and  that  a  similar 
nickel-hase  alloy,  Udimet  700,*  is  now  being  used  for  hi^-teii?)eratnre  jet 
engine  applications.  This  material  is  similar  to  Astroloy  in  conposition 
and  mechanical  properties,  is  more  readily  aTailable  in  -wrought  forms,  and 
the  heat-trea-tment  procedures  have  been  standardized  (18-19), 

In  Tables  1  and  2,  the  con|)osi-tion  and  proper-ties  of  Astroloy 
and  Udiraet  700  are  summarized.  Also  included  in  the  tables  are  Udimet  $00, 
a  less  heat-resistant  alloy,  and  Nicrotung,-**  which  has  a  somewhat  different 
chemical  conposition.  Discussions  with  representa-tives  of  DMTG  elicited 
preliminary  information  concerning  NIMONIG  ll^'JHHt, which  is  reportedly  simi¬ 
lar  in  chemical  conposition  and  properties  to  Astroloy  and  Udimet  700, 

Hot-rolled  and  extruded  bars  of  Astroloy  in  the  ”as  fabricated" 
condition  and  ho-t-rolled  bars  of  Udimet  700  in  the  stress-relieved  con¬ 
dition  were  procured.  Prior  to  tip  fabrication,  the  mcrosttnicttire  of 
these  ma-terials  was  examned. 

The  extruded  Astroloy  (Figure  3)  exhibited  a  dendritic  struct-ure 
with  evidence  of  coring  and  heavy  interdendritic  segregation)  this  material 
has  been  tentatively  eliminated  from  further  considera-tion  at  this  tin®. 

The  hot-rolled  Astroloy  (Figure  I;)  exhibits  a  some-what  more  unifom  grain 
structure  which  retains  residual  dendiitic  segregation.  The  grain  struct-ure 
of  the  Udimet  700  (Figure  5)  is  much  finer  and  more  uniform,  but  its  per¬ 
formance  as  a  welding  -tip  material  must  await  evaluation  in  welding  the  ma¬ 
terials  of  interest. 

Two  welding  tips  of  hot- rolled  Astroloy  and  two  of  Udimet  700 
are  being  prepared  and  will  be  evaluated  by  welding  certain  of  the  refrac¬ 
tory  metals  and  alloys. 


*  Product  of  Special  Metals,  Inc,,  Utica,  New  York, 

Product  of  ¥es-tlnghouse  Electric  Corporation, 

Manufactured  by  Henry  Wiggins,  Ltd,,  Birmingham,  England, 
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fable  1 


CAMDIDATE  TIP  MATERIAI^s  SOURCE  AMD  COMPOSITION 


Material 

Source 

Ghendcal  Cco?»ositian 

Ni 

Co 

Gr 

Mo 

A1 

Ti 

G  Pe  Mn 

(percent) 

Si 

B 

other 

Astroloy 

tJ^an-Oordcni  Co, 

56.8 

15 

15 

5.25 

k,ho 

3.5 

0.06  0.02* 

— 

0.03 

Nicrotra:^ 

Westin^ous© 

Bal 

10 

12 

.. 

k.oo 

U.o 

0.10*  — 

o.o5 

8,00  W 

0,02  Zr 

Udimet  500 

Special  Metals,  Inc,  Bal 

13 

15 

3.00 

2.50 

2.5 

o.i5*  U.00*  0.75* 

0,75* 

0,01 

— 

Udimet  700 

Special  Metals,  Inc,  Bal 

17 

13 

U.5o— 

3.75- 

3.0 

o,i5*  1,00* 

0.10 

20 

17 

5.75 

li.75 

u.o 

Maaduraum 


Table  2 


CMDIDATE  TIP  MATERIALS;  MECHANICAL  PROPERTIES 
IN  FOLLY  HEAT-TI?EATED  CONDITION 


Sleyated  Tea^eratiire 
Charagterastics 


Material 
and  Heat 
Treatment 

Teipera- 

ture 

(%) 

Tensile 

Strength 

(psi) 

Yield 

Strength 

(psi) 

Elongation 
in  2  Inches 
(percent) 

Reduction 
of  Area 
(percent) 

Stress  Rrptttre 

Astroloy 

Room 

190,000 

138,000 

12 

13 

(A) 

11*00 

1^0,000 

122,000 

15 

16 

23  hr  at  85,000  psi  (11*00%) 

NicrotuSg 

Room 

130,000 

5 

1600 

88,000 

1* 

1800 

66,050 

6 

Ddimet  $00 

Roob 

17^,000 

110,000 

15 

15 

100  hr  at  73,000  psi  (1350%) 

(B) 

1200 

175,000 

110,000 

17 

17 

100  hr  at  i*l*,000  psi  (l500%') 

1600 

95,000 

70,00) 

23 

23 

100  hr  at  30,500  psi  (1j600%‘) 

Udimet  700 

Room 

20l*,000 

11*0,000 

17 

20 

(C) 

11*00 

150,000 

120,000 

33 

1*0 

1*8  hr  at  85,000  psi  (11*00%) 

1800 

52,000 

i*l*,000 

28 

28 

1*8  hr  at  20,000  psi  (1800%) 

Heat  Treatments 

A.  1975^,  U  hours,  air  cool  (rapid)  B,  Not  Specified  G,  2l50°F,  k  hours,  air  cool 
1550®F,  It  hours,  air  cool  “  1975*^,  U  hours,  air  cool 

liiOOOF,  16  hours,  air  cool  1550°F,  2l|  hours,  air  cool 

I4OOOF,  16  hours,  air  cool 
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II,  EQUIPMENT  DOTELOPMENT 


"THE  CONTRACTOR  SHALL  DESIGN  AND  CONSTRUCT  AN  ULTRASONIC 
JOINING  UNIT  II  AGCOEDANGE  WITH  THE  APPROACH  OUTLINED  IN 
PHASE  I." 


Problems  associated  with  critical  coii|)onents  of  the  25-kilowatt 
tiltrasonic  welding  machine  are  being  resolved.  Specifics  of  the  work  done 
and  progress  made  diiring  this  report  period  are  described  below. 


TRANSDUCER 

TRANSDUCER  DESIGN 


An  electronechanical  conversion  efficiency  as  high  as  92  percent 
is  theoretically  attainable  (20)  with  PZT-lr  lead  zirconate  titanate  ceramic 
transducer  assemblies,  whereas  laminated  magnetostricitve  nickel  transducers 
appear  incapable  of  converting  more  than  about  35  percent  of  hi^-frequency 
irput  electrical  energy  into  vibratory  energy  (21-29),  It  was  demonstrated 
experiiwntally  in  Phase  I  of  this  program  (30)  that  the  conversion  efficiency 
of  these  ceramic  materials  is  indeed  higher  than  that  of  nickel.  Inadequacies 
of  the  prelinanary  ceramic  transducer  assembly  designs  (31)  and  of  the  li.- 
bratory  energy  absorber  (31)  for  measuring  the  output  of  these  devices  pre¬ 
cluded  accurate  efficiency  determinations.  It  was  estimated,  however,  that 
ceramic  transducer  assemblies  operating  at  60-80  percent  conversion  efficiency 
could  be  developed  during  Phase  II  of  this  program. 

In  studies  oriented  to  the  development  of  ceramic  washer-type 
transducer  assemblies  with  an  electrical  power-handling  capacity  of  6  to  8 
kilowatts,  an  axial  tension  bolt- type  xinit  was  selected  as  a  feasible  design 
f 30-31)  for  applying  the  essential  static  compression  load.  In  this  design, 
the  ratio  of  the  ceramic  washer  outside  diameter  to  its  inside  diameter 
(which  we  considered  as  an  area  ratio)  is  a  controlling  design  parameter. 

This  is  due  to  the  necessity  for  asiaintaining  reasonable  outside  dimensions 
and  roughly  equivalent  static  and  dynamic  stresses  (see  below)  in  the  bolt 
and  in  the  conpression  members.  These  conditions,  in  turn,  lead  to  in¬ 
creases  in  the  height  of  the  ceramic  washer  stack.  Increasing  the  thickness 
of  a  ceramic  washer  may  cause  the  magnitude  of  the  driving  voltage  to  exceed 
acceptable  limits,  and,  alternately,  adding  more  washers  and  their  spacers 
aggravates  heat  dissipation  difficulties. 

This  detail  study  also  embraced  the  tension-shell  type  transducer 
design  (30-31),  which  largely  obviates  the  area  ratio  limitations  but  in¬ 
troduces  other  problems  such  as  shell  resonance, 

ffiller’s  (32)  treatment  of  these  problems  led  to  the  conclusion 
that  the  ratio  of  the  elastic  modulxie  (E)  and  the  area  (A), discussed  above, 
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is  a  useful  design  criterion  for  such  assemblies.  He  designates  this  ratio 
as  the  "effective  stiffness  coefficient  R": 

R  =  EA  /^A  , 
c'  s' 

where  the  subscripts  c  and  s  denote  crystal  con?)ressive  stress  and 
axial  bolt,  or  shell,  tension  section  respectively.  According  to  Miller, 
the  allowable  range  for  R  is  between  1  and  25.  At  the  pcwer  required 
for  a  25-kilowatt  welder,  however,  creep  and/or  fatigue  considerations  will 
probably  prevent  R  from  exceeding  2  or  3,  which  means  that  a  large- 
diameter  unit  will  be  required  if  the  axial  tension  bolt-type  assembly  is 
used.  With  the  tension  shell,  a  ratio  of  around  1  can  be  effected  in  a 
practical  geometry. 

Detail  drawings  were  reviewed  with  personnel  of  Clevite  Corpo¬ 
ration  (33),  who  were  most  cooperative  and  st^jplied  design  data  apparently 
not  otherwise  available,  which  has  been  brought  to  bear  on  the  problem. 

In  particular,  the  required  static  unit  clarping  stresses  were  related  to 
the  superiuposed  ultrasonic  stresses,  while  the  relation  of  lateral  re¬ 
straint  to  the  coupling  coefficient  and  the  significance  of  washer  thick¬ 
ness  were  brought  into  sharper  focus, 

a.  Static  pre-stress 

Bias  stress  should  insure  continuous  loading  of  the  ceramic 
elements.  Although  some  people  feel  that  an  optimum  bias 
stress  exists  for  maximura  efficiency,  Clevite  does  not 
recommend  more  than  is  necessary. 

For  an  operating  Q  of  10  in  the  welder  transducer-coupling 
system  (which  seems  reasonable),  a  maxiraam  alternating 
stress  of  3500  psi  (rras)  is  indicatedj  i.e.,  with  a  peak 
of  U900  psi,  a  static  bias  of  5000-6000  psi  should  be 
adequate, 

b«  Effect  of  lateral  restraint  on  coupling  coefficient 

If  the  ends  of  the  ceramic  elements  are  clasped,  and  if 
the  wafer  is  thin,  it  operates  in  a  laterally  clasped 
longitudinal  mode.  For  this  case,  the  effective  coupling 
coefficient  is  K.^  and  not  ^30,*  which  reduces  the  coijp- 
ling  factor  by  about  25  percent.  To  fully  realize  K33, 
the  length  of  the  crystal  should  be  such  that  the  thlcmess 


*  isTheTrSisverse  coupling  coefficient  (laterally  clasped  longi¬ 
tudinal  mode) . 

K32  is  the  coupling  coefficient  obtained  when  the  crystal  is  excited  in 
the  thickness  mode  and  predominant  strain  is  also  in  the  thickness 
mode. 
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resonance  is  below  any  lateral  resonance.  In  this  type  of 
transducer,  this  is  generally  not  practicalj  but  if  the 
crystal  elements  are  thick  enough  to  permit  relief  of  the 
transverse  stress,  a  coi^ling  coefficient  intermediate  be¬ 
tween  and  K33,  but  nearer  the  latter,  can  be  realized* 

A  coupling  coefficient  near  achieved  by 

effectively  coupling  the  faces'^of  the  ceramic  elements  to 
the  faces  of  the  metal  members  if  the  latter  are  an  integral 
part  of  the  resonant  system,  so  that  the  lateral  displace¬ 
ment  of  both  the  ceramic  and  metal  are  equal. 

On  the  basis  of  the  foregoing  and  the  analytical  effort  ^sociated 
therewith,  the  dimensions  shown  in  Table  3  were  arrived  at  for  the  PZT-1}. 
transducer  designs. 

Ceramic  wafers  for  the  2,0-  and  3.3-kilowatt  design  were  received 
from  Brush  Development  Conpany  about  April  20,  and  it  is  e3q>ected  that  the 
first  calorimetric  measurements  will  be  made  with  the  2,0-kilowatt  unit 
during  June.  Cooling  problems  and  electrical  difficulties  may  be  encountered 
at  the  outset,  but  such  conditions  should  be  amenable  to  early  resolution. 

As  soon  as  basic  performance  data  are  obtained,  the  design  of  the  6,5-kilo¬ 
watt  unit  will  be  finalized  and  the  ceramic  elements  will  be  ordered, 
probably  about  Jvily  l5,  1962, 

During  this  period,  information  was  obtained  indicating  that  a 
siqser  high-density,  pressure-fired  lead  zirconate  titanate  ceramic  element 
is  available  (Gulton  Industries),  This  material  is  reported  to  be  of  more 
uniform  con?)Osition  and  to  possess  mechanical  properties  si5>erior  to  lead 
zirconate  titanate  from  other  sources.  Accordingly,  some  of  these  elements 
were  ordered  and  will  be  tested  in  the  same  manner  as  the  original  PZT-U 
material.  The  performance  of  these  elements  will  be  conpared  with  that  of 
the  original  ones,  and  the  better  of  the  two  materials  will  be  used  in  the 
final  6,5  kilowatt  units. 


TRAUSDUCER  DESIGN 


Even  though  the  energy  required  to  produce  an  ultrasonic  weld 
between  two  pieces  of  metal  has  been  measured  (20)  and  an  equation  for 
estimating  the  energy  necessary  to  join  metals  by  ultrasonic  vrelding  has 
been  developed  (21),  evaluating  the  performance  of  an  electromechanical 
power  transducer  for  an  ultrasonic  welding  machine  by  incorporatli^  the 
device  in  a  welder  and  making  welds  is  inpractical.  Transducer  evaluation 
based  on  welder  performance  is  conplex,  laborious,  and  likely  to  be  in¬ 
accurate  unless  extreme  care  is  exercised. 
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Table  3 

DESIGN  DETAILS  FOR  1^-KC  TENSION-SHELL  TRANSDUCERS 
(LEAD-ZIRCONATE-TITANATE  CERAMIC  WASHERS) 


Design 

Power 

Capacity 

(kilowatts) 

Ceramic 

Element 

Tension 

Shell 

Area 

(sq.  in.) 

Thickness 

(inch) 

ID  OD 

(inch) 

Projected 

Area 

(inch) 

2.0 

0,^00 

0.625 

2.125 

3.2iiO 

2.658 

3.3 

0.375 

0.625 

2.750 

5.633 

ii.69l+ 

6.6* 

0.500 

0.625 

3.883 

12.l50 

9.720 

Four  units  required  for  2^-kilowatt  welder. 
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In  the  cotirse  of  the  Phase  I  work  (3i^),  a  practical  and  direct 
transducer  eTaluation  method  was  devised  which  takes  advantage  of  the  metal 
wave-guide  geometry  characteristic  of  welder  transducer-coi^jling  systems. 

The  vibratory  energy  output  of  the  transducer  is  conducted  into  an  energy 
absorber, where  it  is  degraded  into  heat,  which  is  measured  oalorimetrically. 

The  device  utilized  during  Phase  I  has  been  inproved  to  reduce 
indeterminate  heat  losses  and  to  permit  rapid  measurement  of  the  heat  pro¬ 
duced  by  degradation  of  the  vibratory  energy.  This  acoustical  calorimeter, 
assenbled  largely  from  available  stock  laboratory  conponents  (see  Figure  6), 
takes  power  from  two  sources j  first,  from  the  transducer,  and  second,  from 
a  standard  a-c  power  line. 

All  the  energy  from  both  sources  is  removed  from  the  calorimeter 
by  t^  water  that  flows  through  a  copper  tube  coil  imbedded  in  the  body  of 
the  energy  absorber.  Inlet  and  outlet  water  tenqjeratures,  as  well  as  water 
volume,  are  monitored.  In  operation,  the  device  is  stabilized  at  some  ele¬ 
vated  tenperature  based  on  a  pre-set  level  of  input  electrical  power  from 
the  regular  a-c  power  line  feeding  resistance  wires  imbedded  in  the  body 
of  the  absorber.  When  acoustic  energy  from  the  transducer  is  introduced, 
power  from  the  regular  a-c  line,  which  is  monitored  by  a  calibrated  watt¬ 
meter,  is  decreased  to  maintain  the  tenperature  differential  between  the 
input  and  output  water  at  a  constant  value.  Essentially,  the  electrical 
power  is  decreased  by  the  amount  of  vibratory  power  delivered  into  the 
absorber  unit.  Thus,  the  vibratory  power  is  equal  to  the  observed  decrease 
in  a-c  electrical  power  and  the  over-all  energy  balance  is  checked  by  com¬ 
puting  the  power  delivered  into  the  flowing  tap-water  heat  sink.  The  en¬ 
ergy  absorber,  enclosed  in  a  tall  vacuum  chamber  at  a  pressure  of  about 
2  millimeters  of  mercury,  is  insulated  against  thermal  losses. 

Upon  coipleting  the  revisions  and  inprovements  in  the  acoustical 
calorimeter,  a  standard  magnetostrictive  nickel  stack,  consisting  of  about 
300  laminations  of  "A”  nickel  0,008-inch  thick  (each  lamination  having  a 
>7idth  of  2,2^  inch  and  a  length  of  5»60  inch)  and  operating  at  ^proxi- 
mately  1^,000  cycles  per  second,  was  attached  to  the  oalorimster  and  eval¬ 
uated  at  Wo  levels  of  irput  power.  These  results  are  summarized  in 
Table  li.  Coitparison  of  these  conversion  efficiencies  of  35  percent  with 
that  of  21  percent  (35)  obtained  by  means  of  the  original,  crude,  acousti¬ 
cal  absorber  for  the  same  metal  stack,  show  that  the  conversion  efficiency 
of  the  nickel  transducer  is  unquestionably  higher  than  reported  previously 
and  that  it  approximates  the  figures  reported  for  nickel  under  good  oper¬ 
ating  conditions.  This  also  inplies  that  the  ceramic  transducer  efficiencies 
will  be  well  above  the  35  percent  value  found  for  nickel. 
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Table  I4. 

NICKEL  TRAIISDUCER  CONVERSION  EFFICIENCY  BASED  ON 
CALORIMETRIC  MEASURHffiNTS 


Water  Conversion  Efficiency 


A-C  line 
Power 

to  Absorber 
(watts) 

H-F  Power 

To 

Transducer 

(watts) 

Water 
Flow  Rate 
(cc/sec) 

Temperature 

In  Out 

(°C)  (^C) 

Power  Rate 
(a) 

(percent) 

Temperature 
Differential  (b) 
(percent) 

350 

0 

6.30 

23.5 

37 

0 

1000 

6.30 

23.5 

37 

35.0 

35.6 

575 

0 

5.26 

23.5 

50 

0 

1650 

5.26 

23.5 

50 

3U.8 

35.3 

(a)  Comp-ated  frcm  Colttnins  1  and  2, 

(b)  Derived  from  Columns  3>  h  and  5 
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COUPLERS 

SEOMTEY 

Ultrasonic  transducer-coupling  systems  of  the  reed-wedge  design 
(36)  require  that  the  driving  point  on  the  reed  be  displaced  sli^tly  with 
respect  to  the  peak  of  its  flexural  loop.  A  5na.ll  flexural  conponent  is 
therefore  introduced  into  the  driving  end  of  the  cotpler  that  is  in  contact 
with  the  reed.  This  has  not  been  of  much  significance  in  the  U-kilowatt 
and  smaller  welding  machine  systems  built  to  date,  but  in  the  12-  to  13- 
kilowatt  systems  (two  of  which  make  tqp  the  25-kilowatt  welder  hei^  under 
development),  relieving  the  flexural  stiffness  of  the  driving  cot^slers  will 
be  necessary.  Moreover,  as  noted  previously,  (37),  the  flexurally  soft  end 
of  the  driving  coupler  adjacent  to  the  reed  should  be  preferably  curved  to 
provide  iitproved  work  clearance. 

During  the  period  covered  by  this  report,  an  existing  U-kilowatt 
transducer-coupling  system  vras  sculptured  to  provide  a  straight,  thin  sec¬ 
tion  adjacent  to  the  reed  connection.  Measurements  obtained  by  welding 
O.oUO-inch  202it-T3  aluminum  alloy  with  tg?  to  2-kilowatts  input  poi^r, 
when  corpared  with  previous  data,  show  that  this  sculptured  coupling  system 
performs  at  least  as  well  as  the  standard  unsculptured  flexurally  stiff 
design. 


This  sculptured  unit  will  be  driven  to  its  maxS-iiium  power-handling 
capacity  prior  to  and  after  bending  the  flexurally  soft  section  to  provide 
the  work  clearances  and  angles  necessary  in  the  final  unit  (37). 


FABRICATION 

In  the  Phase  I  coupler  material  studies  (38),  the  power-handling 
efficiency  of  both  aluminum-bronze  and  beryllium-copper  was  found  to  be 
superior  to  that  of  K  Monel  and  of  steel  alloys.  Accordingly,  limited 
work  was  oriented  to  resolving  the  problems  of  fabricating  coipling  ele¬ 
ments  from  the  alTamintun.-bronze  and  beryllium-copper.  Initially,  beiylliuH^ 
copper  was  selected  for  these  fabrication  investigations. 

Since  the  quality  of  beryllium-copper  joints,  brazed  with  a 
recommended  alloy  (BAg-7  silver  braze.  Handy  and  Harmon  56o),  are  affected 
by  both  the  brazing  tenperature  and  time,  the  effect  of  these  variables 
was  investigated  at  teaperatures  of  1250°  and  litOO^F  for  time  intervals 
ranging  from  1  to  10  minutes.  Before  brazing,  the  face  of  the  specimen 
was  divided  in  half,  and  one  part  was  given  a  protective  coating  to  pre¬ 
serve  a  reference  surface.  Specimens  1  inch  in  diameter  by  1-1/2  inches 
long  were  heated  to  the  brazing  tenperature,  the  silver  braze  was  applied, 
and  the  beryllium-copper  plug  was  maintained  at  the  brazing  teaperature 
for  periods  of  1,  3,  5,  and  10  minutes.  Examination  of  microsections  of 
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the  brazed  ends  indicated  an  essentially  linear  relationship  between  braze 
penetration  depth  and  liine.  After  10  minutes,  the  br^e  all<^  penetrated 
to  a  d^th  of  0,00i|.  inch  at  1250°F  and  O.OO8  inch  at  llt08°F,  In  addition 
to  these  studies,  the  characteristics  of  brazed  joints  between  two  rods  of 
berylliuitt  copper,  and  between  rods  of  beryllixim-copper  and  alundnum-bronze 
were  also  investigated*  Satisfactory  joints  were  obtained  in  all  cases. 

It  therefore  appears  that  brazing  under  controlled  conditions  is 
satisfactory  for  joining  these  materials.  However,  the  rate  at  which 
alloying  occurs  between  the  braze  material  and  beryllium-copper  may  well 
preclude  rebrazing  such  joints. 


POWEE-FORCE  PROGRAMMIWl 


In  an  ultrasonic  welding  system,  the  relative  impedance  between 
the  terminal  element  of  the  system  and  the  weldment  material  is  a  signifi¬ 
cant  factor  in  the  delivery  of  vibratory  energy  into  the  weld  locale.  This 
inpedance  changes  during  the  welding  interval  and  is  markedly  affected  by 
the  applied  clanping  force  (20-21),  Therefore,  pre-set  programming  of  the 
clanping  force  spplied  during  the  weld  interval  will  compensate,  at  least 
in  part,  for  variations  In  inpedance  during  that  interval. 

Power  Programming,  which  pre-programs  the  power  delivered  during 
an  ultrasonic  weld  interval,  is  a  further  method  for  controlling  the  weld 
quality  and  for  reducing  the  total  energy  necessary  to  generate  an  ultra¬ 
sonic  bond. 

The  power-force  programming  (PFP)  system  was  reviewed  from  elec¬ 
trical,  electronic  and  mechanical  standpoints.  The  original  time-base  ccm- 
trol  circuit  was  modified  to  incorporate  commercially  available  trans- 
sistorized  time-delay  circtdtry.  With  the  transistorized  circuit,  the 
response  time  is  spproximately  0,0005  second  and,  within  the  range  of  0  to 
1,0  second,  the  reproducibility  of  the  time  setting  is  0,2  percent.  The 
reset  tiuB  is  0,050  second. 

The  poirer-force  programming  circuitry  includes  a  control  panel, 
which  provides  a  matrix  system  of  ten  increments  each,  for  adjusting  the 
power  and  force  by  increments  which  are  10  percent  of  the  full  power  or 
force  value.  The  addition  of  a  percent  time-base  increment  for  any  given 
weld  time  interval  then  yields  a  10  square  matrix  control  system. 

Auxiliary  relays  of  the  air-reed  type  were  selected  to  provide 
multiple-event  control  at  any  time  increment.  These  relays  have  a  response 
time  of  0.007  to  0,0017  second,  and  permit  control  of  two  or  more  events. 
Additional  relays  can  be  added,  as  needed,  to  control  tangent  circuits. 
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the  variations  in  power  will  be  controlled  bj  adjusting  the  oscil¬ 
lator  signal  level  of  an  electronic  generator,  or  by  switching  resistive 
loads  into,  or  out  of,  the  transBdssion  line  for  a  laotor-altemator  power 
source. 


Elements  for  three  stages  of  the  time-base  control  circuit  were 
procured  and  evaluated.  On  the  basis  of  this  information,  the  remaining 
elements  were  ordered.  The  associated  force-control  components,  including 
a  precision  hydraulic  feed-back  control  system,  which  will  respond  to  the 
programrrijig  circuitry,  have  been  ordered  and  are  scheduled  for  delivery  in 
late  or  early  Jtina. 

When  assembled,  this  unit  will  be  attached  to  an  esdsti^  ultra¬ 
sonic  spot-welding  machine  for  evaluation. 


TIME-BASE  CONTBOI.  EEEMENT 


A  portion  of  the  time-base  control  circuitry  for  the  power-force 
programming  system  was  evaluated  by  ^plying  the  relay  output  to  an  oscil¬ 
loscope  and  measuring  the  response  of  a  single  relay  unit  and  the  time  de¬ 
lay  between  successive  relay  steps.  The  time  del^  was  0.002  second,  which 
meets  the  ctesign  requirements  for  these  basic  conponents. 

The  over-all  time-base  response  and  control  characteristics  of 
this  unit  were  then  determined  at  three  power  levels,  which  have  no  signifi¬ 
cance  per  se  except  to  provide  time-base  markers.  The  unit  was  attached 
to  a  standard  2-kllowatt  ultrasonic  welder.  Three  levels  of  power  -mre 
applied,  and  the  delay  between  the  time-base  control  signal  to  the  power 
source  and  the  stress  wave  traversing  the  coupler  enroute  to  the  weld  zone 
was  recorded  on  stidp  charts.  The  stress-wave  monitor  was  placed  on  the 
coupler  in  tiie  vicinity  of  the  coipling-reed  joint.  Mote  that  the  ordi¬ 
nate  of  these  records  is  of  no  significance  except  to  provide  time-base 
markers, as  stated  above. 

The  oscillogram  of  Figure  7A  was  made  at  an  oscilloscope  trace 
speed  of  10  milliseconds  per  centimeter.  The  two  strip-chart  records, 
shown  in  Figures  7B  and  7C,  irere  made  at  weld  pulse  intervals  of  1,0  and 
0,6  second,  respectively.  The  lower  recording  of  Figures  7B  and  7C  repre¬ 
sent  the  electrical  analogue  of  the  stress  wave  at  a  point  near  the  coupler- 
reed  joint.  The  relative  time  delay  between  the  tpper  and  lower  oscillo¬ 
grams  of  Figures  7B  and  7C  represent  the  total  accumulated  time  delay  be¬ 
tween  the  initiation  of  electrical  power  delivery  at  the  power  source  and 
the  arrival  of  the  resulting  ultrasonic  power  in  the  weld  zone.  As  indi¬ 
cated  by  Figure  7,  the  time  delay  is  within  the  design  specifications. 

Thus  the  basic  circuitry  for  the  tine-base  control  element  is  satisfactory. 
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POKIER  SOUECE 


The  effort  of  Phase  I  was  not  concerned  with  the  power  source  for 
driving  the  transducers,  since  the  selection,  design,  and  construction  of  a 
suitable  power  source  was  considered  an  engineering  rather  than  a  develop- 
snent  problem. 

During  the  past  few  years,  electronic  power  sources  in  the  range 
of  about  5  watts  to  8  kilowatts  have  been  designed  and  constructed*  Motor- 
alternator  sets  in  the  range  of  2-  to  7.5“kilowatts  have  been  appr<^riately 
modified  and  used  to  drive  ultrasonic  welding  machines  in  our  laboratoxdes* 
Machines  capable  of  providing  $0  or  more  kilowatts  can  be  S'i5)plied,  Further¬ 
more,  solid-state  semi-conductor  devices  have  been  designed  and  constructedj 
the  projected  designs  for  such  equipment  currently  extends  up  to  ^0  kilo¬ 
watts. 


Consideration  has  been  ^ven  to  the  merits  of  each  type  of  poorer 
source  for  high-powered  ultrasonic  welding  equipment.  An  Tiltrasonic  trans¬ 
ducer-coupling  system  operates  effectively  only  at  or  near  its  resonant 
frequency,  and  frequency  stability  is  therefore  inportant.  For  spot-type 
welding,  the  voltage  and  current  buildt^j  from  zero  to  full  power  must  be 
achieved  in  a  very  short  time,  because  best  welds  are  produced  at  rela¬ 
tively  short  weld  intervals  (considerably  less  than  1  second). 


MOTOR  ALTERNATORS 


A  7.5-kllowatt  motor  alternator  with  precision  adjustable  drive 
is  in  continuous  use  on  commercial  ultrasonic  welding  equipment,  Perfonnance 
of  this  unit  continues  to  equal  or  exceed  the  tentative  specifications  pre¬ 
viously  established.  The  output  frequency,  a  nominal  1^,000  cycles  per 
second,  is  being  laaintaLned  at  +_  8  cycles.  Adjustment  of  the  frequency 
precisely  to  _+  3-5  cycles  per  s'econd  is  straightforward|  thus  adequate 
stability  of  the  critical  frequency  control  is  indicated.  Frequency  out¬ 
put  values  are  given  in  Table  5  for  the  7.5-kilowatt  motor  alternator  c^- 
erating  over  a  6-hour  day  with  the  frequency  output  set  at  lU,92U  cycles 
per  second.  These  values  were  recorded  over  a  period  of  approximately 
1  hour  on  separate  days. 

The  satisfactory  performance  of  the  7,5-kilowatt  motor  alternator 
demonstrates  the  practicability  of  a  motor-alternator  power  source  for 
ultrasonic  spot-type  welding  equipment. 


S^CCTGHING 


In  the  electrical  industry,  power  at  high  levels  is  switched 
routinely  by  means  of  magnetic  contactors  which  are  remote-controlled. 
The  response  characteristics  of  the  switching  device  required  to  handle 
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Table  $ 

FREQUENCY  OUTPUT  DATA  FOR  T.^-KILO'JATT  MOTOR  ALTERNATOR 
(Frequency  Output  Setting:  lU,92U  cycles  per  second) 
Test  D^:  6  hours 


_ Frequency  Value 

Ntmiber  Standard 


Test 

Day 

Measured  Frequency 
(cycles/second) 

of 

Measurements 

Average  (X)  Deviation(s) 
( cycle s/sec ond) 

1 

Hi,  9a 
1U,923 
lli,92U 
Hi,  918 
Hi,923 

Hi,92li 
Hi,  926 
Hi,923 
Hi,919 

Hi,922 
Hi,92^ 
Hi,922 
Hi,  916 

13 

Hi,922 

3 

2  lii,92U  1U,92U  lli,927 

111.928  1U,928  m,926 

lh,92k  lh,92h  1U,925 

U;,927  lh,92$  lU,926 

ll;,927  1U,926  lh,92$ 

lh,92Q  1U,926  1U,927 

111.928  lU,92li 


20  lli,926 


2 
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25  kilowatts  of  l5-kc  electrical  poxfer  from  a  motor-alternator  source  at 
the  envisioned  welding  intervals,  hovrever,  may  be  critical.  With  the 
anticipated  welding  repetition  rate,  accurate  switch  control  varying  from 
0.01  to  1,0  second  will  be  necessary. 

On  the  basis  of  preliminary  measurements,  the  switching  per¬ 
formance  of  parallel  banks  of  high-current  magnetic  contactors  equipped 
with  arc-suppression  coils  was  satisfactoiy,  but  the  service  life  of  these 
units  may  be  inadequate  for  our  purposes,  and  work  is  underway  to  evaluate 
high-current  solid-state  switches.  Such  devices  promise  trouble-free  per¬ 
formance  without  the  attendant  concern  of  arc-over  and  the  time  lag  asso¬ 
ciated  with  the  opening  and  closing  times  of  contactor-type  controls. 

Solid-state  switching  devices  that  meet  the  following  require¬ 
ments: 

a,  high  transient  and  repetitive  peak  inverse  voltage, 

b,  35  aiqieres  of  hi^-frequency  (l5“kc)  current, 

c,  time  to  recover  forward  blocking  state  after  forward  current 
passage, 

d,  gate-timing  synchronization  requirements,  and 

e,  other  special  circuitry  reqiiirements,  such  as  transient  suppression 
devices 

were  selected  on  the  basis  of  information  and  advice  supplied  by  General 
Electric  specialists  of  the  Semi-Conductor  Division,  Auburn,  Kew  York,  At 
that  time,  several  C55E  (General  Electric)  type  units  were  acquired. 

These  solid-state  switching  devices  were  tested  at  an  inter¬ 
mediate  power  level  of  3  kilowatts.  Neglecting  the  time  delay  inherent 
in  the  associated  circuitry,  a  response  time  of  the  order  of  8  to  12  micro¬ 
seconds  was  obtained.  Thus,  multiple  solid-state  units  are  promising  as 
switching  devices  for  motor-alternator  power  outputs.  Subsequent  tests 
will  be  made  to  the  full  power  capacity  of  the  7,5-kllowatt  unit.  These 
solid-state  devices  can  also  be  used  for  switching  partial  resistive  loads 
into  the  line  to  permit  power  programming  with  the  alternator  power  sources. 
Solid-state  switching  units  will  probably  be  used  with  the  power  source  in 
the  final  design  of  the  25-kilowatt  tiltrasonic  welding  machine. 


STRUCTURAL  DETAILS 


Design  of  the  welding-machine  framework  was  initiated  duidng  this 
period  in  accordance  with  the  tentative  requireuffints  outlined  previously  (2), 
This  structure  will  provide;  a  working  throat  depth  of  36  inches  or  greater, 
a  total  head  movement  of  U  inches  or  more  when  mounted  on  heavy-duty  way 
slides,  and  a  rigid  framework  to  minimize  welding  tip  displacements  during 
welding.  The  machine  will  be  capable  of  applying  a  clasping  force  of  UOOO 
pounds  to  the  weldment.  The  preliminary  layout  of  the  machine  is  shown  in 
Figure  lli  of  ASD  Interim  Report  7-888(11), 
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Pamona,  California 

1  Convair  (Astronautics)  Division 
General  Dynamics  Corporation 
Attn:  J,  H.  Farame,  Dir.  of  Mfg,  Dev.  1 
P.  0.  Box  1128  (Zone  20-00) 

San  Diego  12,  California 

1  Curtiss-Wright  Corp, 

Propeller  Division 

Attn;  J,  H.  Sheets,  Works  Manager  2 

Fairfield  Road 
Caldwell,  New  Jersey 

1  Curtiss-Wright  Coip. 

Attn;  Ho  Hanink,  New  Process  Mfg,  1 

Woodridge,  New  Jersey 

1  Douglas  Aircraft  Go.,  Inc, 

Attn:  C,  B,  Perry,  Plant  Supv, 

3855  Lakewood  Boulevard 
Long  Beach  8,  California 

2 

1  Douglas  Aircraft  Co,,  Inc. 

Attn:  C,  H,  Shappell,  Works  Mgr, 

3000  Ocean  Park  Blvd, 

Santa  Monica,  California 


Attn:  N.  F,  Bratkovich,  Sup.  Joining 
P.  0.  Box  89li  Processes 

Indianapolis  6,  Indiana 

Gulton  Industries,  Inc, 

Attn;  Walter  Welkowitz 

Director,  Research  &  Development 
212  Durham  Avenue 
Metchen,  New  Jersey 

Harris  AStJ  Division 
General  Instrument  Corp, 

Attn;  Frank  David,  Chief  Engineer 
33  Southwest  Park 
Westwood,  Massachusetts 

Lockheed  Aircraft  Corp 
California  Division 
Attn:  J,  B.  Wassail,  Dir,  of  Ingrg 
Burbank,  California 

Lockheed  Aircraft  Corp. 

Missiles  and  Space  Division 
Attn;  Mr,  Don  McAndrews 
Supv.  Manufacturing  Research 
P.  0.  Box  50li 
Sunnyvale,  California 

McDonnell  Aircraft  Corp, 

Attn;  E,  G.  Szabo,  Mgr.  Production  Eng, 
Lambert-St,  Louis  Municipal  Airport 
P,  0.  Box  516 
St,  Louis  3,  Missouri 
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1  Marqaairdt  Aircraft  Co. 

Attn:  J,  M,  Norris,  Factory  Mgr, 

Box  670 
Ogden,  Utah 

1  Harqaardt  Aircraft  Co, 

Attn:  John  S.  Lief  eld,  Sir.  of  Hfg. 
16555  aiticoy  S^eet 
Tan  Nayn,  Calif, 

1  fhe  I&rtin  Company 
Attn:  Chief  ^Ineer 
P.  0.  Box  179 
Baltimore  3,  Maryland 

1  Martin  Marietta  Corp. 

Attn:  J.  0.  Best,  Mgr.  Mfg.  Res.  Dir 
Box  179,  Mail  #P30 
Denrer  1,  Colorado 

1  The  Martin  Company 

Attn:  L.  J.  tippy.  Dir.  Fab.  DIt. 
Denver,  Colorado 

1  North  American  Aviation,  Inc. 

Attn:  Chief  Engineer 
Port  Colundxis  Airport 
ColTimbas  16,  Ohio 

1  North  American  Aviation,  Inc. 

Attn:  Latham  Pollock,  Qen.  %pv. 

Mfg.  Eng. 

Intei*natlonal  Airport 
Los  Angeles  U^,  California 

1  Northrop  Aircraft,  Inc, 

Attn:  R,  H.  Nolan,  Vice  Pres.  Mfg, 
1001  E.  Broadway 
Hawthorne,  California 

1  Northrop  Aircraft,  Inc, 

Hoimir  Division 

Attei  Lniwig  Roth,  Dir.  Research 
bgineering  Bepartwnt 
1001  1,  Broadway 
Hawthorne,  California 

1  Republic  Aviation  Corp, 

Attn:  Adolph  Kastekowits,  Chief  Mfg. 

Ehgr. 

Farmingdale,  Long  Island,  New  fork 


1  Pratt  &  Whitney  Aircraft  Div, 

United  Aircraft  Coloration 
Attn:  L.  M.  Raring 

Chief,  Metallnrgical  &  Chenical  Lab 
P,  0,  Box  611 
Middletown,  Conn. 

2  Commanding  General 
Redstone  Arsenal 

Rocket  &  Guided  Missile  Agency 
Attn:  Chief,  Space  Flight  Structure 

ikislipi 

Redstone  Arsenal,  Alabama 

1  Roeketdyne  Division 

North  American  Aviation,  Lae. 

Attn:  R.  J.  ThoBq>son,  Jr.,  Dir.  Research 
6633  Canoga  Avenue 
Canoga  Park,  Calif. 

1  Rocketdyne  Division 

North  American  Aviation,  Inc. 

Attn:  Mr.  J.  P.  McNamara,  Plant  Mgr. 

P,  0.  Box  511 
Neosho,  Missouri 

1  Rohr  Aircraft  Corporation 
Attn:  Chief  Structures  Sngr. 

P.  0.  Box  878 
Chula  Vista,  Calif. 

1  Bohr  Aircraft  Corporation 

Attn:  Burt  F,  Raynes,  Vico  Pres,  Mfg. 

P,  0.  Box  878 
Chula  Vista,  Calif. 

1  Ryan  Aeronautical  Ceiq>aiqr 

Attn:  Robert  L.  Clark,  Mfg,  Works  Mgr, 

Lindbergh  Field 

San  Diego,  California 

1  Sclaky  Bros.,  Inc, 
k91$  W,  57th  Street 
Chicago  38,  Illinois 

10  Armed  Services  Technical  Info.  Agency 
Attn:  Document  Service  Cwter  (fIGiK#P) 
Arlington  Hall  Station 
Arlington  12,  Virginia 
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Aeronautical  Systems  I3i¥ision  1 

Attn:  Mfg,  Technology  Iiab(ASRCT) 
Wright-Patterson  Air  Force  Base,  Ohio 

Air  Force  Systems  Command 
Attn:  Mr.  G.  ¥.  Kniffin  (RDRAE-F)  1 

Andrews  Air  Force  Base,  Maryland 

Aeronautical  Systems  Division 
Attn;  ASRKCB 

Wri^t-Patterson  Air  Force  Base,  Ohio  1 

Aeronautical  Systems  Division 
Attn:  ASRKCB 

Wright-Patterson  Air  Force  Base,  Ohio 

1 

Aeronautical  Systems  Division 
Attn:  Metals  &  Ceramics  Lab  (ASRCM) 
Wright-Patterson  Air  Force  Base,  Ohio 

Aeronautical  Systems  Division  1 

Attn;  Applications  Lab  (ASRCE,  Mr,  Teres) 
Wright-Patterson  Air  Force  Base,  Ohio 

Aeronautical  Systems  Division 
Attn;  Flight  Dynamics  Lab 

Structures  Branch  (ASRMDS)  1 

Wright-Patterson  Air  Force  Base,  Ohio 

Battelle  Memorial  Institute 

Defense  Metals  Information 

Attn:  Mr,  C.  S.  Dumont  1 

5o5  King  Ave, 

Columbus,  Ohio 

Ballistic  Mssile  Systems  Division 
Attn:  Industrial  Resources 
P.  0.  Box  262 

AF  Unit  Post  Office  1 

IngleiiTood,  Calif. 

Chief,  Bureau  of  Naval  Weapons  (PID-2) 
Department  of  the  Navy 
Washington  25,  D,  C. 

2 

Pranlcford  Arsenal 

Research  Institute,  1010  (110-1) 

Attn:  Hr,  E,  R,  Rechel,  Deputy  Director 
Philadelphia  37,  Pa. 


Solar  Aircraft  Conpany 
Attn:  Engineering  library 
2200  Pacific  Highway 
San  Diego,  California 

Temco  Aircraft  Corp, 

Attn;  D.  T.  Brooks,  Mfg,  Mgr. 

P.  0.  Box  6191 
Dallas,  Texas 

Southwest  Research  Institute 
Attn:  Glenn  Damewood,  Dir,  Applied  Physics 
8500  Gulebra  Road  Dept, 

San  Antonio  6,  Texas 

Union  Ultra-sonics  Corporation 

Attn;  John  Zotos,  Chief  Project  Scientist 

111  Penn  Street 

Quincy  69,  Massachusetts 

Vought  Aeronautics  Division 
Chance-7 ought  Aircraft,  Inc. 

Attn;  George  Gasper,  Mfg.  Engr,  Mgr, 

P,  0.  Box  5909 
Dallas,  Texas 

Vought  Aeronautics  Division 
Chance-V ought  Aircraft,  Inc* 

Attn;  Chief  Librarian,  Eng.  Library 
Dallas,  Texas 

Vought  Aeronautics  Divisim 
Chance-V ought  Aircraft,  Inc, 

Attn;  J.  A.  Millsap,  Chief  Engr. 

Manufacturing  Research  Development 
P.  0.  Box  5907 
Dallas,  Texas 

G.  C.  Marshall  Space  Plight  Center 
National  Aeronautics  &  Space  Administration 
Attn;  William  A.  Wilson 

Chief,  MR,&  D  Branch 
Huntsville,  Alabama 

Langley  Research  Center 

National  Aeronautics  &  Space  Administrative 
Attn;  Technical  Director 
Langley,  Virginia 
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